Background: Current guidelines dictate a gradual exercise progression after a concussion; however, it is unclear what proportion of athletes experience a recurrence of symptoms once they are symptom free at rest. Estimating the proportion of athletes and predictors of symptom recurrence would help shape return-to-play protocols.
Sport-related concussions have garnered a lot of attention in the past several years, potentially because of increased awareness about the effects of the injury. The number of concussions diagnosed in young athletes has risen significantly recently. 17, 22, 25, 32 The negative consequences of a concussion include potential academic performance deficits 33 or, in a small proportion of patients, recovery times that exceed 1 month. 27 While the overall incidence of concussions is difficult to estimate, many suspect that athletes continue to underreport the symptoms of a concussion. 26, 29 The United States Centers for Disease Control and Prevention estimates that approximately 3.8 million traumatic brain injuries occur annually, with more than a quarter of these injuries occurring during athletics. 9 Currently, each American state has legislation that requires the evaluation and clearance of any athlete suspected of having a concussion before returning to contact play. 6, 35 Efforts to educate the general population on the importance of the recognition and proper treatment of concussions have been somewhat successful. Studies assessing coaching knowledge and behaviors have shown nearly universal willingness to sit a player out of play if a severe concussion is suspected, but the percentage of coaches restricting athletes from continued play when a concussion is felt to be "minor" is significantly lower. 2, 9, 30 Most education campaigns and guidelines for managing concussions recommend rest, both physical and cognitive, until the athlete is symptom free, followed by a gradual return to physical activity. A gradual reintroduction to activity is recommended, as opposed to simply returning athletes to full participation once they are symptom free at rest, as a recurrence of symptoms with exercise may indicate incomplete recovery from a concussion. 8, 11, 24 It is unclear, however, what proportion of athletes experience a recurrence of symptoms with the resumption of exercise once they are symptom free at rest. If such a recurrence of symptoms is rare, a gradual return to play might be unnecessary. Alternatively, if a substantial proportion of athletes have a recurrence of symptoms with return to activity, it will add support to current practice guidelines. Furthermore, little is known about what risk factors, if any, might be associated with symptom recurrence once athletes resume physical activity. Therefore, the purpose of this study was to identify factors that are independently associated with the recurrence of symptoms once postinjury exercise is initiated among those who are symptom free at rest.
METHODS

Participants and Design
We conducted an institutional review board-approved prospective cohort study of patients cared for in a sport concussion clinic of a tertiary care regional children's hospital between October 1, 2009 and July 31, 2011. This investigation represents a secondary analysis of these data. The approval process included an ethical review of the study. Patients who sustained concussions during organized or free-play sports, or with mechanisms similar to those in sports such as falling from a standing position, were included in the study. Exclusion criteria included injuries from more severe mechanisms such as motor vehicle collisions or patients with intracranial hemorrhage or skull fractures. A concussion was defined according to the definition provided by the Consensus Statement on Concussion in Sport 23 as a brain injury caused by a direct blow to the head, face, neck, or elsewhere on the body, resulting in the rapid onset of impaired neurological function.
A standardized questionnaire was completed at the initial clinic visit and at each subsequent visit until final discharge. Patients were queried as to their mechanism of injury, presence or absence of loss of consciousness (LOC) with injury, the type of activity played at the time of injury, the date of injury, and the date of symptom resolution. The questionnaire also documented patient sex, patient age, and the date(s) of previously diagnosed and undiagnosed concussions. Although estimating previously undiagnosed concussions in retrospect is difficult and nonspecific, for our purposes, in this study, we defined undiagnosed concussions as blows to the head with subsequent concussion-like symptoms that were not previously diagnosed as concussions.
On each visit, the patients' symptoms were measured using the Post-Concussion Symptom Scale (PCSS). 31 The PCSS contains a list of 22 symptoms typical for a concussion, and each symptom is scored by the patient using a Likert scale from 0 (absent) to 6 (severe). Symptoms in the PCSS are subjective and not specific to a concussion (ie, symptoms in the PCSS may come from causes other than a concussion). Therefore, as with other studies, in an effort to measure only those symptoms attributable to the injury, patients were instructed to rate only those symptoms that were not present before, or have been exacerbated since, the moment of injury, and were still ongoing within 24 hours of completing the questionnaire.
1,5,13,27 A score of 0 was recorded if the patient had full resolution of a particular symptom (or if the symptom was present before the injury and had returned to its preinjury level); a score of 1 through 6 was recorded if the symptom was new and persistent since the injury. Thus, scores ranged from 0 (symptom free) to a potential maximal possible score of 132 (22 symptoms Â 6). When patients had a PCSS score of 0, they were considered to be symptom free at rest, and they were asked to record the date when their symptoms had resolved. After this point, as they resumed exercise, if there was a return of any symptoms included in the PCSS that were not part of their preinjury status, then we assumed that they had a recurrence of concussion symptoms caused by their physical activity and incomplete recovery from the concussion.
Full recovery, in clinical practice, has several components including a resolution of symptoms at rest and continued symptom-free status after physical exertion. We collected information on patients who reported being symptom free, returned to physical activity, and were seen by a physician for continued follow-up. These patients were then specifically queried as to whether their symptoms recurred when they resumed exercise. The average level of activity and type of physical activity to which the athlete was planning to return (noncontact, minimal-contact, or full-contact sports) were noted.
The levels of activity were adapted from the graduated return-to-play protocol found in the Consensus Statement on Concussion in Sport. 24 Minimal athletic activities include exercise such as vigorous walking or light stationary bicycling at a level of exertion where the athlete barely breaks a sweat. Moderate athletic activities include jogging or brisk bicycling, where the athlete breaks a sweat and breathes harder than with minimal activities but the level of exertion still allows the athlete to carry on a conversation. Sport-specific drills include changes of direction or ball-handling skills, plus a level of exertion where the athlete breaks a sweat and finds it difficult to carry on a conversation without interruption. Full-intensity activities include maximal effort, with full sprinting, change-of-direction skills, and ball-or stick-handling drills.
Per our usual clinical practice, some athletes who are symptom free at rest and have reachieved their baseline scores in all other clinical parameters assessed (eg, balance error score and computerized neurocognitive testing) may complete the return-to-play stages under the guidance of their athletic trainers. Thus, some athletes did not return to the clinic after they were found to be symptom free at rest.
Statistical Analysis
Continuous variables are presented as the mean ± SD and were compared using independent-samples t tests; categorical variables are presented as percentages and were compared using the Fisher exact test. To identify variables that might predict the recurrence of symptoms with exercise among those who were symptom free at rest, we first performed univariate comparisons of possible predictor variables between those who had a recurrence of their symptoms with exercise and those who did not. Candidate predictor variables included age, sex, duration of symptoms, total score on the initial PCSS, number of prior concussions (both diagnosed and undiagnosed), and time between injury and presentation to the clinic. Any variable that differed between the 2 groups with a statistical probability of P < .2 was identified as a potential predictor. All potential predictor variables were entered into a binary logistic regression model used to generate adjusted odds ratios. Any variable with an adjusted odds ratio that did not cross one was considered significantly different and, therefore, independently associated with the recurrence of symptoms with exercise. All analyses for the study were conducted with PASW Statistics 18.0 (SPSS) and Stata 10.1 (StataCorp).
RESULTS
We identified a total of 217 patients who returned to the sport concussion clinic after they had reported symptom resolution and subsequently returned to exercise. Athletes were most commonly injured during ice hockey, football, soccer, or basketball. The patients were predominantly male (62%), and 44% of patients reported a history of diagnosed concussions, while 33% of patients reported a history of undiagnosed concussions (Table 1) .
Twenty-five (12%) athletes reported a recurrence of concussion symptoms while resuming physical activity after having been symptom free at rest (Table 1) . While 25 patients were included in the analysis, data were unavailable for LOC and amnesia for 2 patients, as well as for previously diagnosed concussion for 4 patients. The highest proportion of athletes who experienced a recurrence of symptoms with activity did so during game play (Table 2 ) and while playing a contact sport (Table 3) .
Among the 25 patients with a recurrence during physical activity progression, the majority had their recurrence during game play (n ¼ 7) or during minimal noncontact activity (n ¼ 6). During moderate noncontact exercise, 4 of 25 patients had a recurrence of symptoms. Sport-specific drills were associated with a recurrence of symptoms in 3 patients, and full-intensity noncontact activity was associated with a recurrence in 4 of the 25 patients. Only 1 of the 25 patients reported a recurrence of symptoms during fullintensity practice with contact.
Sex, LOC, a previously diagnosed concussion, a previously undiagnosed concussion, the initial PCSS score, the time from injury until initial clinical presentation, and the duration of time with concussion symptoms all met criteria for inclusion in the logistic regression model ( Table 3 ). The odds of symptoms returning after physical activity were significantly greater among those who had a previous undiagnosed concussion, those who did not lose consciousness at the time of injury, those who reported to the clinic earlier after the injury, and those who had a longer duration of concussion symptoms (Table 3) .
DISCUSSION
Approximately 12% of athletes who reported being symptom free at rest had a recurrence of their symptoms when they resumed exercise. This finding supports a graded return-to-play protocol, as is currently recommended, as opposed to simply clearing athletes for full play when they are symptom free at rest. Our data suggest that athletes who do not lose consciousness with their injury, who have a history of undiagnosed concussions, and who have a longer symptom duration have greater odds of experiencing symptom recurrence upon physical activity after a concussion.
Previously, best-practice guidelines for concussion management have centered on physical and cognitive rest, 24 followed by a gradual return to physical activity once symptoms resolve. One of the reasons for gradually returning to activity was to ensure that symptoms did not recur as exercise was resumed 11 ; a return of symptoms has been considered to be a sign of incomplete recovery. There were, however, relatively little data showing how frequently symptoms recurred with exercise once an athlete was symptom free at rest.
Care must be taken to prevent the exacerbation of symptoms from excessive exercise intensity or recurrent collisions during the vulnerable recovery period. 36 However, excessive rest and prolonged inactivity have consequences as well, such as decreased school performance, psychological stress, or physical symptoms associated with deconditioning. 7, 16 As more evidence is collected and protocols are changed in favor of early, sub-symptom threshold (noncontact) exercise as a form of treatment, 15, 34 clinicians should be aware of the risk factors that may put a patient at an increased risk for a return of symptoms. While our specialty clinic's patient population may not necessarily represent the average primary care office, we observed that the odds of symptoms returning after exercise resumption were significantly greater among those who had a previous undiagnosed concussion, those who did not lose consciousness at the time of injury, those who reported to the clinic earlier after the injury, and those who had a longer duration of concussion symptoms.
Several prior studies have reported that a history of concussions is associated with negative outcomes soon after a subsequent concussion, such as more on-field signs and symptoms, heavier symptom burdens, altered gait patterns, and prolonged recovery. 10, 12, 18 In our study, it is interesting to note that while prior undiagnosed concussions were significantly associated with symptom recurrence, diagnosed concussions were not. This may be because of the characteristics of those who did not disclose their prior concussions, as they may also downplay their symptoms upon returning to play in an attempt to return sooner. Our study, however, could not directly assess this motivation, and future studies should seek to identify potential motivations for athletes to return to play before full recovery.
Athletes who did not lose consciousness at the time of injury were more likely to have a return of symptoms upon returning to physical activity than athletes who did lose consciousness. This is consistent with prior studies suggesting that LOC is not consistently associated with worse outcomes after a concussion and is often associated, perhaps surprisingly, with better outcomes. 3, 4, 14, [19] [20] [21] 27, 28 While it is unclear why LOC might be associated with better outcomes after a concussion, it is possible that athletes with obvious on-field LOC are more likely to be removed from play and begin a treatment protocol right away. Thus, athletes with LOC may avoid recurrent collisions during the immediate vulnerable period. Furthermore, because of the objective nature of LOC, clinicians may be more conservative when managing those who experience LOC at the time of injury.
As several studies have shown deficits in cognition, balance, and gait characteristics even after symptom resolution, it is possible that recovery remains incomplete for some athletes who report symptom resolution, and thus, some athletes may not have fully recovered before their resumption of physical activity. The recurrence of symptoms for these patients might be caused by incomplete recovery, despite the reporting of symptom resolution.
Limitations
The findings of our study should be interpreted in light of several limitations. The patients in this study were seen at a regional, specialty concussion clinic and the nature of their injuries or comorbidities may have been more severe and their recovery more complicated. Thus, our conclusions may not be generalizable to the overall population of athletes who sustain sport-related concussions. Furthermore, our main outcome, return of symptoms after initial symptom-free status, is nonspecific. The symptoms that recurred may have been caused by factors other than incomplete recovery from a concussion, such as physical deconditioning, anxiety, or other causes. Neurocognitive, balance, reaction time, or visual data may help to identify the course of complete physiological recovery after a concussion and to better understand the contributors of the exacerbation of concussion symptoms with the resumption of exercise.
In addition, several of our variables, including the time of symptom resolution at rest and history of undiagnosed concussions, were collected retrospectively and relied on patient recall. This is an imperfect system and has the inherent risk of recall bias. There is a wide range of causes that may produce posttraumatic symptoms that may be similar but not specifically due to a concussion, per se. In particular, the presence or absence of LOC can be difficult to ascertain. Athletes with any degree of anterograde amnesia may assume that they have had LOC, for instance.
CONCLUSION
In our review of patients treated in a specialty sport concussion clinic at a tertiary care hospital, approximately 12% of athletes who reported being symptom free at rest had a recurrence of their symptoms when they resumed exercise. Athletes who did not lose consciousness with their injury, who had a history of undiagnosed concussions, and who had a longer symptom duration were at a greater risk of symptom recurrence upon physical activity after a concussion. These risk factors may assist the treating clinician in determining the pace at which an athlete should progress through stepwise activity-resumption protocols.
